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Diagnostics and Gontrol of Natural Gas-

Fired Fumaces via Flame Image Analysis

Video Images and Artificial Intelligence Offer
Improved Control of Furnaces

The University of Missouri-Columbia (UMC)
has developed a novel approach for control-
ling gas-fired furnaces based on the detec-
tion of real-time properties of flames. With
support from the U.S. Department of Energy,
UMC has created an expert system that em-
ploys video images and artificial intelligence
to measure flame characteristics, temperature,
and melt separation during production. The
on-line furnace diagnostic and control sys-
tem is the first of its kind.

The new flame monitoring expert system uses
progressive cameras along with artificial in-
telligence techniques to identify flame fea-
tures that can be correlated with air/fuel ra-
tio, NOx emission levels, and temperature.
Its 3D temperature profiler enables close con-

trol of furnace and flame temperature, key to
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achieving high product quality as well as
reduced NOx emissions. The system also
provides guidance for balancing air/fuel ra-
tios between individual burners on multi-
burner furnaces. Manufacturers now have a
powerful new tool for combustion control
costing less than $50,000.

The improved burner balancing and con-
trolled combustion made possible by on-line
control help address ever-increasing de-
mands for higher furnace thermal efficiency,
reduced NOx emissions, and improved prod-
uct quality. The new system can provide real-
time control of natural gas-fired furnaces in
the glass and aluminum industries, as well
as reheating furnaces used in steel and forg-

ing industries.

Operational
Parameters
Artificial Expert _ Control
Intelligence =| Shell Interface
Algorithm

Image
Capturing
Control
& System
Configuration

Image
Processing

\ Batch-line

Datectar

Temperature
Profiler

Operator
Advisor
Display

Monitoring
Algorithm

e — Ul = - “%’

o s JERLT
I'H_lv (B =l H-UI
T

Benefits for Our Industries and
Our Nation

Improved burner balancing and improved
combustion control via flame monitoring al-
lows furnace operation at reduced excess air
levels, resulting in improved system effi-
ciency, reduced fuel consumption, and lower
NOx emissions. Greater temperature control
and uniformity will also improve product
quality. For a large gas-fired boiler (5 x 10°
Btu/hr), a 10-percent reduction in NOx emis-
sions yields savings of $1 million per year

from NOx credits alone.
Applications in Our Nation’s
Industries

The new flame monitoring and analysis ex-
pert system offers real-time process control
for multi-burner natural gas-fired furnaces

throughout industry:

+ Glass melting

* Aluminum scrap melting
 Steel reheat furnaces

» Forging furnaces

* reheat furnaces

The system may also be applicable in pul-
verized-coal combustion systems used in

power generation.




Project Summary
Objective:

The project objective was to develop a new
method for extracting features from flame
images in a gas-fired furnace that can be
correlated with combustion parameters such
as air/fuel ratio, NOx and CO emissions, and
flame temperature. This information can be

used to operate the furnace more efficiently.
Technology:

The camera images used by the new expert
system come from a periscope-based cam-
era with a water cooling system that enables
it to withstand temperatures up to 3500°F.
Advanced information processing tech-
niques, including image analysis and artifi-
cial intelligence, behave as “virtual sensors”
to extract information from the images of the
flames. These “sensing” functions — flame
monitoring, 3D temperature profiling, and
batch-line detection (for glass melting appli-
cations) — enable better control of gas-fired

furnaces.

The flame monitoring function incorporates
a virtual flame detector to identify non-firing
burners, a flame monitor with adjustable
memory, and a flame analyzer to determine
the combustion status of each burner. This
sensing function can provide guidance for
balancing air-fuel ratios between individual
burners in multi-burner furnaces with indi-

vidual burner control capability.

The temperature profiler provides pseudo
three-dimensional color temperatures of
flames and the furnace walls and crown for
better temperature control. The batch-line

detector, specifically designed for use in

glass melting furnaces, clearly identifies the
location of the boundary between the feed
and the melt

The flame monitoring system as a whole can
be integrated into a furnace control system
operating in real time or can be utilized as a
diagnostic tool for manual control adjust-
ment. In either case, the system represents a
low-cost retrofit option for implementing

advanced process control.

Project Milestones:

This project was awarded in January 2000
through a FY 2000 solicitation by the Sen-
sors and Controls Program. Key tasks per-

formed were:

» Completed Phase I feasibility study
February 2001. Major tasks included
data/image acquisition, spectroscopic
data analysis and temperature calcula-
tion based on black-body radiation
model, flame image analysis, and pattern
recognition using adaptive resonance

theory neural networks.

» Completed Phase II December 2003.
Major tasks included design and
fabrication of water/air-cooled case and
off-line control experimentation at
commercial glass furnaces for both oxy/

fuel and air/fuel burner operation.

Commercialization:

The final product capabilities emerging from
this project have exceeded original expecta-
tions. Pilot-scale testing and performance
evaluation of the expert system in a commer-

cial furnace is completed.

For More Information

Shahla Keyvan of the University of
Missouri-Columbia at 573-884-5459 or

keyvan@missouri.edu.
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A Strong Energy Portfolio for a
Strong America

Energy efficiency and clean, renewable energy
will mean a stronger economy, a cleaner environ-
ment, and greater energy independence for
America. Working with a wide array of state, com-
munity, industry, and university partners, the U.S.
Department of Energy’s Office of Energy Effi-
ciency and Renewable Energy invests in a di-

verse portfolio of energy technologies.
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